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(54) Position detection method and apparatus 

(57) A reticle stage reference mark 3 of material 
having high reflectivity to alignment illumination light is 
provided on a reticle 5, and a chuck mark 8 of material 
having high reflectivity to the alignment illumination light 
is provided on a wafer chuck 11. A relative position of 



the reticle stage reference mark 3 to the chuck mark 8 
is detected by using a first position detection optical sys- 
tem 1 and a first illumination optical system 2, and rela- 
tive alignment is performed between the reticle 5 and a 
wafer 10. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to position detec- 
tion method and apparatus appropriate for exposure ap- 
paratus and exposure method for transfer of fine circuit 
pattern. More particularly, the present invention is pref- 
erably applicable to alignment of substrate such as a 
wafer in an exposure apparatus using extreme ultravio- 
let light (EUV light). 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, as a lithography for fabrication 
of fine semiconductor such as a semiconductor memory 
or a logic circuit, projection reduction exposure using ul- 
traviolet light has been employed. 
[0003] The minimum size which can be transferred by 
the projection reduction exposure is proportional to the 
wavelength of light of the transfer, and unproportional to 
numerical aperture of projection optical system. Accord- 
ingly, to transfer a fine circuit pattern, light of short wave- 
length such as mercury lamp i ray (wavelength: 365 nm), 
KrF excimer laser (wavelength: 248 nm), ArF excimer 
laser (wavelength: 193 nm) are employed. Thus the 
wavelength of ultraviolet light has been shortened. 
[0004] However, as finer semiconductor devices are 
rapidly developed, transfer of such finer devices cannot 
be handled without difficulty in the lithography using ul- 
traviolet light. Accordingly, to efficiently print a very fine 
circuit pattern less than 1 ujti, a projection reduction ex- 
posure apparatus using extreme ultraviolet light (EUV 
light) having a wavelength of 10 to 15 nm which is further 
shorter than that of the ultraviolet ray has been devel- 
oped. 

[0005] In an EUV light area, as the amount of absorp- 
tion by material is very large, a lens optical system uti- 
lizing light refraction which is used for visible and ultra- 
violet light, is impractical. Accordingly, in the exposure 
apparatus using EUV light employs a reflection optical 
system. In this case, a reflective type reticle where a 
pattern to be transferred is formed by light absorbing 
material on a mirror is employed as a plate. 
[0006] As a reflection optical device constructing the 
EUV exposure apparatus, a multilayer mirror and an ob- 
lique incidence total reflection mirror are known. In the 
E UV area, as the real part of the refractive index is slight- 
ly less than 1 , total reflection occurs by using EUV light 
as oblique incidence as closely to the surface as possi- 
ble. Generally, in oblique incidence within several de- 
grees from the surface, a high reflectivity of several tens 
% or higher can be obtained. However, as the freedom 
of optical design is limited, it is difficult to use the total 
reflection mirror in the projection optical system. 
[0007] The mirror for the EUV light used at an incident 
angle close to direct incidence is a multilayer mirror 
where two types of materials having different optical 



constants are alternately laminated. For example, mo- 
lybdenum and silicon are alternately laminated on the 
surface of a glass substrate which is ground to have a 
precise surface shape. The thickness of the molybde- 
5 num layer is, e.g., 0.2 nm, that of the silicon layer, e.g., 
0.5 nm, and the number of layers is about 20 pairs. The 
sum of the thicknesses of the two types of layers is 
called a film period. In the above example, as the film 
period, 0.2 nm + 0.5 nm = 0.7 nm holds. 
10 [0008] When the EUV light is incident on the multilay- 
er mirror, EUV light of particular wavelength is reflected. 
Assuming that the incident angle is 0, the EUV light 
wavelength, X, and the film period, d, only narrow band 
EUV light, mainly having the wavelength X approximate- 
ly satisfying the relation by Bragg's equation 

2xdxsinG=k 

is efficiently reflected. The bandwidth at this time is 
about 0.6 to 1 nm. 

[0009] The reflectivity of the reflected EUV light is 
about 0.7 at the maximum. EUV light which has not been 
reflected is absorbed in the multilayer or the substrate, 
and most of the energy of the light becomes heat. 
[0010] As light loss of the multilayer mirror is greater 
in comparison with a visible light mirror, the number of 
mirrors must be a minimum number. To realize a wide 
exposure area with a small number of mirrors, employed 
is a method for transfer (scan exposure) in a wide area 
by simultaneously scanning a reticle and a wafer using 
only a slim ring area (ring field) away from an optical 
axis by a predetermined distance. 
[0011] Fig. 6 is a schematic diagram of the conven- 
tional projection reduction exposure apparatus using 
EUV light. The exposure apparatus comprises an EUV 
light source 50, an illumination optical system 60, a re- 
flective type reticle 81 , a projection optical system 70, a 
reticle stage 80, a wafer stage 85, an off-axis alignment 
optical system (detection mechanism) 90, a vacuum 
system and the like 

[0012] As the EUV light source 50 is, e.g. a laser plas- 
ma light source. Light from a high-intensity pulse laser 
53 is gathered by a light gathering lens 54, emitted on 
a target material placed in a vacuum container 52 sup- 
plied from a target supply device 51 , to cause high tem- 
perature plasma 55, and EUV light having a wavelength 
of e.g. about 13 nm, radiated from the plasma is utilized. 
As the target material, a metal thin film, inertia gas, a 
liquid drop or the like is used. The target material is sup- 
plied by gas jet means or the like into the vacuum con- 
tainer 52. To increase the mean intensity of the radiated 
EUV light, it is preferable that the repetition frequency 
of the pulse laser 53 is high. Generally, the pulse laser 
is operated by a several kHz repetition frequency. 
[0013] The illumination optical system 60 comprises 
plural multilayer or oblique incidence first to third mirrors 
61 to 63, an optical integrator 64 and the like. The first- 
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stage light gathering mirror 61 corrects EUV light ap- 
proximately isotropically radiated from the laser plasma 
53. The optical integrator 64 uniformly illuminates a 
mask with an a predetermined numerical aperture. Fur* 
ther, an aperture 65 to limit an illuminated area of the 
reticle surface to a circular shape is provided in the po- 
sition of the illumination optical system 60 conjugate 
with the reticle 81 . 

[0014] The projection optical system 70 uses plural 
mirrors 71 to 74. As the number of mirrors is small, the 
efficiency of use of EUV light is high, however, the ab- 
erration cannot be easily corrected. The number of mir- 
rors necessary for aberration correction is about 4 to 6. 
The shape of the mirror reflection surface is spherical 
surface such as convex or concave surface or an as- 
pherical surface. The numerical aperture NA is about 
0.1 to 0.3. 

[0015] The mirror is obtained by grinding and polish- 
ing a substrate of material having a high rigidity and 
hardness and a low thermal expansion rate, such as 
low-expansion glass or silicon carbide, to form a prede- 
termined reflection surface shape, then forming a mul- 
tilayer film of molybdenum, silicone and the like on the 
reflection surface. If the incident angle is not constant 
depending on a position within the mirror surface, as it 
is apparent from the above-described Bragg's equation, 
the wavelength of EUV light having the reflectivity, which 
increases depending on position of multilayer film hav- 
ing a constant film period, is shifted. Accordingly, the 
mirror surface must have a film period distribution to at- 
tain efficient reflection of the EUV Light of the same 
wavelength within the mirror surface. 
[0016] The reticle stage 80 and the wafer stage 85 
have a mechanism to scan in synchronization with each 
other at a speed rate proportional to a reduction scaling 
factor. In the reticle 81 or the wafer 86 surface, a scan- 
ning direction is X, a direction normal to the scanning 
direction is Y, and a direction normal to the reticle 81 or 
the wafer 86 surface is Z. 

[0017] The reticle 81 is held on a reticle chuck 82 on 
the reticle stage 80. The reticle stage 80 has a mecha- 
nism to move in the direction X at a high speed. Further, 
the reticle stage has a mechanism to slightly move in 
the directions X, Y and Z and rotational directions about 
the respective axes for positioning of the reticle 81 . The 
position and posture of the reticle stage 80 is measured 
by a laser interferometer, and the position and the pos- 
ture are controlled in accordance with the result of 
measurement. 

[0018] The wafer 86 is held on the wafer stage 85 by 
the wafer chuck 88. The wafer stage 85 has a mecha- 
nism similar to that of the reticle stage 80 to move in the 
direction X at a high speed. Further, the wafer stage has 
a mechanism to slightly move in the directions X, Y and 
Z and rotational directions about the respective axes for 
positioning of the wafer. The position and posture of the 
wafer stage 85 is measured by a laser interferometer, 
and the position and the posture are controlled in ac- 



cordance with the result of measurement. 
[0019] The alignment detection mechanism 90, as in 
the case of e.g. an ArF exposure apparatus, performs 
wafer alignment by an off-axis bright field illumination 
5 image processing detection system while holding a pre- 
determined baseline amount. 

[0020] Further, a focus position in the direction Z is 
measured by a focus position detection mechanism 91 , 
and the position and angle of the wafer stage 85 are 
*0 controlled, thereby the wafer surface is held in a image- 
formation position by the projection optical system 70 
during exposure. 

[0021] When 1 scan exposure has been completed 
on the wafer 86, the wafer stage 85 step-moves in the 

is directions X and Y to the next scan exposure start po- 
sition. Again the reticle stage 80 and the wafer stage 85 
scan in synchronization with each other in the direction 
X at the speed rate proportional to the reduction scaling 
factor of the projection optical system 70. 

20 [0022] In this manner, the synchronized scanning in 
the status where a reduced projection image of the ret- 
icle 81 is formed on the wafer 86 is repeated (step and 
scan). Thus the transfer pattern of the reticle 81 is trans- 
ferred onto the entire surface of the wafer 86. 

25 [0023] The off-axis bright field illumination image 
processing detection system is used as the alignment 
detection mechanism as in the case of the ArF exposure 
apparatus, however, to address a requirement for finer 
semiconductor devices, alignment in higher precision 

30 must be realized. Accordingly, the stability of the base 
line is required equally or more in comparison with the 
ArF exposure apparatus. 

[0024] However, in the EUV exposure apparatus, a 
measurement system to automatically measure the 
35 baseline, especially means for measuring the reticle and 
wafer or the like has not been proposed. 
[0025] The automatic measuring system have not 
been proposed since a relative positional alignment 
(hereinbelow referred to as "TTL (Through The Lens) 
40 alignment") between the reticle and the wafer via the 
projection optical system has the following problems. 
[0026] In a case where the TTL alignment is per- 
formed in the EUV exposure apparatus, illumination 
lightto detect an alignment mark (e.g. as the used wave- 
rs length is not EUV, it is a non exposure light) is reflected 
from the reflective type reticle and passed through the 
multilayer mirror optical system. The light illuminates a 
wafer alignment mark on the wafer, then reflected light 
from the wafer alignment mark is again passed through 
50 the multilayer mirror optical system and the reflective 
type reticle. Then the alignment mark is detected by the 
alignment detection optical system having an image for- 
mation optical system and an image sensing device. 
[0027] In this manner, if the TTL alignment is per- 
55 formed by the non-exposure light via the reflective type 
reticle and the multilayer mirror, as the reflective type 
reticle and the multilayer mirror are optimized to attain 
a high reflectivity by the EUV light, a sufficient reflectivity 
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cannot be attained by the non-exposure illumination 
light. Accordingly, there is a possibility that high preci- 
sion alignment cannot be performed. 
[0028] Further, in case of off-axis method, the stability 
of baseline is required. To attain the stability of baseline, 
it is necessary to use material having high mechanical 
rigidity and low thermal sensitivity and to attain ultra sta- 
ble heat distribution, which increase the cost of the ap- 
paratus. 

SUMMARY OF THE INVENTION 

[0029] Embodiments of the present invention may en- 
able high-precision alignment between a plate such as 
a reticle and a substrate such as a wafer without expen- 
sive part. 

[0030] In an embodiment, there is provided a position 
detection method for detecting positions of a reflective 
type plate and a substrate upon exposure-transfer of 
pattern on the plate onto the substrate by emitting non- 
exposure light to the plate and the substrate and receiv- 
ing reflected light from the plate and the substrate, com- 
prising: a first position detection step of detecting a plate 
holding unit mark, being provided on a plate holding unit 
movable while holding the plate and having a predeter- 
mined reflection characteristicto the non-exposure light, 
and a substrate holding unit mark, being provided on a 
substrate holding unit movable while holding the sub- 
strate and having a predetermined reflection character- 
istic to the non-exposure light; and a relative position 
detection step of detecting a relative position of the plate 
to the substrate from relative position of the plate holding 
unit mark to the substrate holding unit mark. 
[0031] Further, preferably a plate alignment mark is 
provided on the plate, and the method further comprises 
a second position detection step of detecting a relative 
position of the plate holding unit mark to the plate align- 
ment mark. 

[0032] Further, preferably, a substrate alignment 
mark is provided on the substrate, and the method fur- 
ther comprises a third position detection step of detect- 
ing a relative position of the substrate holding unit mark 
to the substrate alignment mark. 
[0033] Further, preferably, at the first position detec- 
tion step, the substrate holding unit mark is detected on- 
axis in the same position as an exposure position, and 
at the relative position detection step, relative alignment 
is made between the plate and the substrate by using 
positional information of the substrate holding unit mark. 
[0034] Further, preferably, the non-exposure light is 
extreme ultra violet light having a wavelength of 10 to 
15 nm, and wherein the predetermined reflection char- 
acteristic is a reflectivity to the non-exposure light set to 
95% or higher. 

[0035] Further, preferably, the reflective type plate 
has a reflection portion of multilayer structure. 
[0036] Further, preferably, the substrate holding unit 
has a substrate chuck holding the substrate, and where- 



in the substrate holding unit mark is provided on the sub- 
strate chuck. 

[0037] Further, preferably, at the. first position detec- 
tion step, the plate holding unit mark and the substrate 
5 holding unit mark are detected upon each exposure. 
[0038] Further, provided is a position detection appa- 
ratus for detecting positions of reflective type plate and 
a substrate upon exposure-transfer of pattern on the 
plate onto the substrate by emitting non-exposure light 
10 to the plate and the substrate and receiving reflected 
light from the plate and the substrate, comprising: a first 
position detection unit that detects a plate holding unit 
mark, being provided on a plate holding unit movable 
while holding the plate and having a predetermined re- 
's flection characteristic to the non-exposure light, and a 
substrate holding unit mark, being provided on a sub- 
strate holding unit movable while holding the substrate 
and having a predetermined reflection characteristic to 
the non-exposure light; and a relative position detection 
20 unit that detects a relative position of the plate to the 
substrate from relative position of the plate holding unit 
mark to the substrate holding unit mark. 
[0039] Further, preferably, a plate alignment mark is 
provided on the plate, and the apparatus further com- 
25 prises a second position detection unit that detects a 
relative position of the plate holding unit mark to the 
plate alignment mark. 

[0040] Further, preferably, a substrate alignment 
mark is provided on the substrate, and the apparatus 

30 further comprises a third position detection unit that de- 
tects a relative position of the substrate holding unit 
mark to the substrate alignment mark. 
[0041] Further, preferably, the first position detection 
units detects the substrate holding unit mark on-axis in 

35 the same position as an exposure position, and the rel- 
ative position detection unit performs relative alignment 
between the plate and the substrate by using posiiional 
information of the substrate holding unit mark. 
[0042] Further, preferably, the non-exposure light is 

40 extreme ultra violet light having a wavelength of 10 to 
15 nm, and the predetermined reflection characteristic 
is reflectivity to the non-exposure light set to 95% or 
higher. 

[0043] Further, preferably, the reflective type plate 
45 has a reflection portion of multilayer structure. 

[0044] Further, preferably, the substrate holding unit 
has a substrate chuck holding the substrate, and the 
substrate holding unit mark is provided on the substrate 
chuck. 

50 [0045] Further, preferably, the first position detection 
unit detects the plate holding unit mark and the substrate 
holding unit mark upon each exposure. 
[0046] Further, provided is an exposure method for 
performing alignment between a plate and a substrate 

55 based on the relative position of the plate to the sub- 
strate detected by any one of the above position detec- 
tion methods, and exposure-transferring a pattern on 
the plate onto the substrate. 
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[0047] Further, provided is an exposure apparatus 
comprising; the position detection apparatus according 
to any one of the above position detection methods; a 
moving control unit that performs alignment between the 
plate and the substrate by move-controlling the plate 5 
holding unit and the substrate holding unit based on a 
relative position of the plate to the substrate detected 
by the position detection apparatus; and an exposure 
control unit that exposure-transfers the pattern on the 
plate onto the substrate in a status where the plate and 
the substrate are aligned with each other. 
[0048] More specifically, an embodiment proposes a 
method for enabling high precision alignment independ- 
ent of baseline stability by attaining high precision by 
using high alignment illumination light for TTL align- 
ment. The TTL alignment is made between a reticle 
stage reference mark and a chuck mark. The reticle 
stage reference mark is formed on the reticle stage. The 
reticle stage reference mark has sufficiently high reflec- 
tivity of 95% or higher to the alignment illumination light. 
The relative position of the reticle to the reticle stage 
reference mark is ensured by the precision of reticle 
stage drive. 

[0049] The chuck mark is formed on the chuck to hold 
the wafer on the wafer stage. The chuck mark has suf- 
ficiently high reflectivity of 95% or higher to the align- 
ment illumination light. The relative position of the wafer 
to the chuck mark is ensured by the precision of wafer 
stage drive for wafer exposure or another stage drive. 
[0050] In this manner, the TTL alignment is performed 
by using the reticle stage reference mark in place of the 
reticle. Accordingly, as the light quantity of the alignment 
illumination light is not reduced and the chuck mark is 
detected by the TTL alignment system, high precision 
alignment without baseline is realized. 
[0051] In a general projection exposure apparatus, 
alignment between a reticle and a wafer via a projection 
lens is called TTL alignment, however in the EUV ex- 
posure apparatus, as the projection optical system com- 
prises a multilayer mirror optical system in place of the 
lens, alignment there cannot be called TTL alignment. 
However, in the present specification, the alignment via 
the multilayer mirror optical system is also defined as 
TTL alignment for the sake of simplicity of explanation. 
[0052] The present invention is further applicable to a 
semiconductor device fabrication method comprising: a 
step of installing a fabrication apparatus group for vari- 
ous processes including the above-mentioned expo- 
sure apparatus in a semiconductor fabrication factory; 
and a step of fabricating a semiconductor device by plu- 
ral processes by using the fabrication apparatus group. 
It is preferable that the method further comprising: a step 
of connecting the fabrication apparatus group by a local 
area network; and a step of performing data communi- 
cation for transmission of information on at least one ap- 
paratus of the fabrication apparatus group between the 
local area network and an external network outside the 
semiconductor fabrication factory. In this case, mainte- 



nance information for the fabrication apparatus is ob- 
tained by accessing a database provided by a vendor 
or a user of the exposure apparatus via the external net- 
work, or production management is performed by data 
communication with other semiconductor fabrication 
factory than the semiconductor fabrication factory via 
the external network. 

[0053] The present invention is further applicable to a 
semiconductor fabrication factory having: a fabrication 
apparatus group including the above exposure appara- 
tus; a local area network connected to the fabrication 
apparatus group; and a gateway that enables access 
from the local area network to an external network out- 
side the factory, wherein data communication is per- 
formed for transmission of information on at least one 
apparatus of the fabrication apparatus group. 
[0054] Further, the present invention is applicable to 
a exposure apparatus maintenance method for mainte- 
nance of the above-mentioned exposure apparatus in- 
stalled in a semiconductor fabrication factory, compris- 
ing: a step of providing a maintenance database con- 
nected to an external network outside the semiconduc- 
tor fabrication factory by a vendor or user of said expo- 
sure apparatus; a step of permitting access to said main- 
tenance database from said semiconductor fabrication 
factory via said external network; and a step of transmit- 
ting maintenance information stored in said mainte- 
nance database to the side of said semiconductor fab- 
rication factory via said external network. 
[0055] Further, it may be arranged such that the ex- 
posure apparatus further comprises a display, a network 
interface and a computer that executes network soft- 
ware, wherein maintenance information for the expo- 
sure apparatus is transmitted via a computer network. 
Further, it is preferable that the network software pro- 
vides a user interface on the display to access a main- 
tenance database, provided by a vendor or user of the 
exposure apparatus, connected to an external network 
outside the factory having the exposure apparatus, and 
obtains information from the database via the external 
network. 

[0056] Other objects and advantages besides those 
discussed above shall be apparent to those skilled in 
the art from the description of a preferred embodiment 
of the invention which follows. In the description, refer- 
ence is made to accompanying drawings, which form a 
part thereof, and which illustrate an example of the in- 
vention. Such example, however, is not exhaustive of 
the various embodiments of the invention, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] The accompanying drawings, which are incor- 
porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 
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Fig. 1 is a schematic cross-sectional view of a po- 
sition detection apparatus according to an embod- 
iment of the present invention; 
Fig. 2 is a schematic cross-sectional view showing 
detection of a reticle alignment mark on a reticle in 
the embodiment; 

Fig. 3 is a schematic cross-sectional view showing 
detection of a reticle stage reference mark on a ret- 
icle stage in the embodiment; 
Fig. 4 is a schematic cross-sectional view showing 
detection of a chuck mark on a wafer chuck on a 
wafer stage in the embodiment; 
Fig. 5 is a schematic cross-sectional view showing 
detection of a wafer alignment mark on a wafer in 
the embodiment; 

Fig. 6 is a schematic cross-sectional view of a po- 
sition detection apparatus of the conventional art; 
Fig. 7 is a conceptual diagram of a semiconductor 
device production system using the apparatus ac- 
cording to the embodiment, viewed from an angle; 
Fig. 8 is a conceptual diagram of the semiconductor 
device production system using the apparatus ac- 
cording to the embodiment, viewed from another 
angle; 

Fig. 9 is a particular example of user interface; 
Fig. 10 is a flowchart showing device fabrication 
process; and 

Fig. 11 is a flowchart showing a wafer process. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0058] Preferred embodiments where the position de- 
tection method and apparatus of the present invention 
are applied to a semiconductor exposure apparatus will 
now be described in detail in accordance with the ac- 
companying drawings. 

[0059] Figs. 1 to 5 are schematic cross-sectional 
views showing a semiconductor exposure apparatus in- 
cluding a position detection apparatus according to an 
embodiment of the present invention and a mark detec- 
tion status. 

[0060] In Figs. 1 to 5, the exposure apparatus of the 
present embodiment has first position detection optical 
system 1 and first illumination optical system 2 (first po- 
sition detection step, unit), second position detection op- 
tical system 30 and second position illumination optical 
system 31 (second position detection process, unit), 
third position detection optical system 40 and third illu- 
mination optical system 41 (third position detection step, 
unit), a moving stage 26 which moves a wafer chuck 1 1 , 
holding a wafer 10 as a plate, to the third position de- 
tection optical system 40, a reticle stage 4 which is 
move-controlled while holding the reticle 5 as a reflec- 
tive type plate, having a multilayer reflection portion, a 
multilayer mirror optical system 7, a wafer chuck 11 
holding a wafer 1 0, and a wafer stage 1 2 which is move- 
controlled while carrying the wafer chuck 1 1 holding the 



wafer 10. 

[0061 ] The reticle stage 4, the wafer stage 1 2 and the 
moving stage 26 are move-controlled by a stage con- 
troller (not shown) upon position detection of respective 

5 marks, alignment between the reticle 5 and the wafer 
10 or exposure, to be described later. 
[0062] The first position detection optical system 1 
has an image sensing device 1 a such as a CCD and an 
image formation optical system 1b, and the first illumi- 

io nation optical system 2 has a light source 2a to emit non- 
exposure light and a light gathering lens 2b. The second 
position detection optical system 30 has an image sens- 
ing device 1 6 such as a CCD and an image formation 
optical system 17, and the second illumination optical 

is system 31 has a light source 1 8 to emit exposure light 
and a light gathering lens 1 9. The third position detection 
optical system 40 has an image sensing device 24 such 
as a CCD and an image formation optical system 25, 
and the third illumination optical system 41 has a light 

20 source 21 to emit exposure light and a light gathering 
lens 22. 

[0063] Illumination light from the first illumination op- 
tical system 2 is reflected by a half mirror 13 and a mirror 
14, and illuminates a reflective type alignment mark 

25 (hereinbelow referred to as a "reticle stage reference 
mark") 3 provided on the reticle stage 4. Further, the il- 
lumination light reflected from the reticle stage reference 
mark 3 passes through the multilayer mirror optical sys- 
tem 7, and illuminates a chuck mark 8 on the wafer 

30 chuck 11 holding the wafer 10 as a substrate. 

[0064] Further, illumination light from the second illu- 
mination optica! system 31 is reflected by a half mirror 
20, and illuminates the reticle stage reference mark 3 
and the reticle alignment mark 6 on the reticle stage 4. 

35 Further, the illumination light reflected from the reticle 
stage reference mark 3 or the reticle alignment mark 6 
passes through the half mirror 20, and received by the 
image sensing device 16 and the image formation opti- 
cal system 17. 

40 [0065] Further, illumination light from the third illumi- 
nation optical system 41 is reflected by a half mirror 23, 
and illuminates a reflective type chuck mark 8 provided 
on the wafer chuck 11 and a wafer alignment mark 9 
provided on the wafer 10. Further, the illumination light 

45 reflected from the chuck mark 8 or the wafer alignment 
mark 9 passes through the half mirror 23, and received 
by the image sensing device 24 and the image formation 
optical system 25. 

[0066] The relative positional alignment between the 
50 reticle stage reference mark 3 and the chuck mark 8 is 
performed by detecting images of the reticle stage ref- 
erence mark 3 and the chuck mark 8 illuminated by the 
first illumination optical system 2, calculating the relative 
position of the reticle stage reference mark 3 to the 
55 chuck mark 8 from positional information obtained by 
image processing in an positional information calcula- 
tion unit (not shown) (relative position detection step, 
unit), and using the calculated relative positional infor- 
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mation. 

[0067] Further, the positional information calculation 
unit obtains positional information of the respective 
marks by performing image processing on the image of 
the mark detected by the second position detection op- 
tical system 30 and the second illumination optical sys- 
tem 31 and the image of the mark detected by the third 
position detection optical system 40 and the third illumi- 
nation optical system 41, as well as the imagt>of the 
mark detected by the first position detection optical sys- 
tem 1 and the first illumination optical system 2. 
[0068] The reticle stage reference mark 3 comprises 
a member having sufficiently high reflectivity of 95% or 
higher as reflection characteristic to the non-exposure 
alignment illumination light. The relative position of the 
reticle 4 to the reticle stage reference mark 3 is ensured 
by the precision of drive of the reticle stage drive 4. 
[0069] Similarly, the chuck mark 8 comprises a mem- 
ber having sufficiently high reflectivity of 95% or higher 
as reflection characteristic to the non-exposure align- 
ment illumination light. The relative position of the wafer 
10 to the chuck mark 8 is ensured by the precision of 
drive for wafer exposure or another wafer stage. 
[0070] In this manner, the TTL alignment is performed 
by using the reticle stage reference mark in place of ret- 
icle. As the light quantity of the alignment illumination 
light is not reduced and the chuck mark is detected by 
the TTL alignment system, high precision alignment 
without baseline is realized. 

[0071] The relative position of the reticle stage refer- 
ence mark 3 to the reticle alignment mark 6 is detected 
in advance by a method to be described with reference 
to Figs. 2 and 3. Further, the relative position of the 
chuck mark 8 to the wafer alignment mark 9 is detected 
in advance by a method to be described with reference 
to Figs. 4 and 5. 

[0072] In this manner, as the relative position of the 
reticle stage reference mark 3 to the reticle alignment 
mark 6, and the relative position of the chuck mark 8 to 
the wafer alignment mark 9, are detected in advance, 
relative alignment between the reticle 5 and the wafer 
1 0 can be made by determining relative position of the 
reticle stage reference mark 3 to the chuck mark 8. 
[0073] First, the method for previously determining 
the relative position of the reticle alignment mark 6 to 
the reticle stage reference mark 3 will be described with 
reference to Figs. 2 and 3. 

[0074] Fig. 2 shows the method for detecting the rel- 
ative position of the reticle stage reference mark 3 pro- 
vided on the reticle stage 4 to the reticle alignment mark 
6 provided on the reticle 5. In the figure, the reticle align- 
ment mark 6 on the reticle 5 is detected. In comparison 
with Fig. 1 , the reticle 5 and the reticle stage reference 
mark 3 move by the drive by the reticle stage 4, and the 
image of the reticle alignment mark 6 is received by the 
image sensing device 1 6 of the second position detec- 
tion optical system 30. 

[0075] Fig. 3 shows the method for detecting the rel- 



ative position of the reticle stage reference mark 3 pro- 
vided on the reticle stage 4 to the reticle alignment mark 
6 provided on the reticle 5. In the figure, the reticle stage 
reference mark 3 on the reticle stage 4 is detected. In 
5 Fig. 3, in comparison with Figs. 1 and 2, the drive by the 
reticle stage 4 is further made in an arrow direction, the 
reticle 5 and the reticle stage reference mark 3 further 
move, and the image of the reticle stage reference mark 

3 is received by the image sensing device 1 6 of the sec- 
10 ond position detection optical system 30. 

[0076] An example of the detection sequence will be 
described. First, the reticle stage 4 is moved in the status 
of Fig. 2, the reticle alignment mark 6 is moved to a mark 
detection position of the second position detection opti- 

15 cal system 30, reflected light from illumination light of 
the second illumination optical system 31 is received by 
the second position detection optical system 30, the po- 
sition of the reticle alignment mark 6 on the reticle 5 is 
detected by image processing, and the position of the 

20 reticle stage 4 at that time is stored into a reticle stage 
position storage device 27. 

[0077] Next, the reticle stage 4 is moved to the status 
in Fig. 3, the reticle stage reference mark 3 is moved to 
the mark detection position of the second position de- 

25 tection optical system 30, the reflected light from illumi- 
nation light of the second position detection optical sys- 
tem 31 is received by the second position detection op- 
tical system 30, the position of the reticle stage refer- 
ence mark 3 on the reticle stage 4 is detected by image 

30 processing, and the position of the reticle stage 4 at that 
time is stored into the reticle stage position storage de- 
vice 27. 

[0078] Then, the relative position of the reticle stage 
reference mark 3 to the reticle alignment mark 6 is de- 
35 tected from the positional information of the reticle stage 

4 upon detection of the respective marks detected by 
the second position detection optical system 30. 
[0079] Note that the second position detection optical 
system 30, the second illumination optical system 31 

40 and the half mirror 20 may have a moving-controllable 
mechanism. 

[0080] Further, upon detection of the relative position 
of the reticle stage reference mark 3 to the reticle align- 
ment mark 6, the heights of the two marks may be de- 
45 tected by detection of defocus characteristics of the ob- 
tained images. 

[0081] Next, the method for detecting the relative po- 
sition of the chuck mark 8 to the wafer alignment mark 
9 will be described with reference to Figs. 4 and 5. 

so [0082] Figs. 4 and 5 show detection of the respective 
positions of the chuck mark 8 provided on the wafer 
chuck 11 provided on the wafer stage 12 and the wafer 
alignment mark 9 provided on the wafer 10, and the rel- 
ative position of the chuck mark 8 to the wafer alignment 

55 mark 9. 

[0083] Similarly to the second position detection opti- 
cal system 30, the third position detection optical system 
40 detects the positions of the marks 8 and 9 by receiv- 
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ing images of the respective marks and performing im- 
age processing on the received images, and detects the 
relative position of the chuck mark 8 to the wafer align- 
ment mark 9 from these respective positional informa- 
tion. 5 
[0084] First, the moving stage 26 carrying the chuck 
11 is moved to the status in Fig. 4, piural (only one is 
shown in Fig. 4) chuck marks 8 provided on the chuck 
1 1 are moved to the mark detection position of the third 
position detection optical system 40, reflected light from 10 
the illumination light of the third illumination optical sys- 
tem 41 is received by the third position detection optical 
system 40, the positions of the respective chuck marks 
8 on the chuck 11 are detected by image processing, 
and the position of the moving stage 26 at that time is 1$ 
stored into a moving stage position storage device 29. 
[0085] Next, the moving stage 26 is further moved to 
the status in Fig. 5, plural (only one is shown in Fig. 5) 
wafer alignment mark 9 corresponding to plural expo- 
sure shots provided on the wafer 1 0 held on the chuck 20 
1 1 are moved to the mark detection position of the third 
position detection optical system 40, the reflected light 
from the illumination light of the third illumination optical 
system 41 is received by the third position detection op- 
tical system 40, the positions of the respective wafer 25 
alignment marks 9 on the wafer 10 are detected by im- 
age processing, and the position of the moving stage 26 
at that time is stored into the moving stage position stor- 
age device 29. 

[0086] Then, the relative position of the chuck mark 8 30 
to the wafer alignment mark 9 is detected from the po- 
sitional information of the moving stage 26 upon detec- 
tion of the respective marks detected by the third posi- 
tion detection optical system 40. 

[0087] By the above procedure, the position of the ret- 35 
icle alignment mark 6, upon detection of the relative po- 
sition of the reticle 5 to the wafer 10, can be detected 
by using the positional information of the reticle stage 
reference mark 3 detected on-axis in the same position 
of that of the exposure position. Similarly, the position 40 
of the wafer alignment mark 9 can be detected by using 
the positional information of the chuck mark 8 detected 
on-axis in the same position of the exposure position via 
the multilayer mirror 7. The chuck mark 8 can be set in 
an arbitrary position on the chuck 1 1 , further, a wafer to 45 
obtain high reflectivity to the illumination light can be se- 
lected. Thus the freedom of design can be improved. 
[0088] Further, when the relative position of the chuck 
mark 8 to the wafer alignment mark 9 is detected, the 
heights of the two marks can be detected by detection so 
of defocus characteristics of the obtained images. 
[0089] Next, a method for detecting the relative posi- 
tion of the reticle stage reference mark 3 to the chuck 
mark 8 and performing alignment therebetween, and 
performing exposure will be described. Note that gen- 55 
eral alignment and exposure are disclosed by e.g. Jap- 
anese Patent Application Laid-Open No. 61-263127. 
[0090] More particularly, before the pattern of the ret- 
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icle 5 is exposure-transferred to the wafer 10, the rela- 
tive position of the reticle stage reference mark 3 to the 
reticle alignment mark 6 f and the relative position of the 
chuck mark 8 to the wafer alignment mark 9 are detected 
in advance, as described above, thereafter, the chuck 

1 1 and the wafer 1 0 are conveyed onto the wafer stage 

1 2 while the wafer 1 0 is held on the chuck 1 1 where the 
chuck mark 8 is provided. 

[0091] Next, the reticle stage 4 and the wafer stage 
12 are driven, thereby the reticle 5 and the wafer 1 0 are 
moved to the exposure position from the relative posi- 
tions of the respective marks. 

[0092] Then, the relative position of the reticle stage 
reference mark 3 provided on the reticle 5 to the chuck 
mark 8 is detected by the first position detection optical 
system 1 and the first illumination optical system 2 on- 
axis in the same position of the exposure position. Then 
the reticle stage 4 and the wafer stage 12 are driven 
based on the positional information on the previously- 
detected relative position of the reticle stage reference 
mark 3 to the reticle alignment mark 6, and the relative 
position of the chuck mark 8 to the wafer alignment mark 
9, thereby the reticle 5 and the wafer 1 0 are aligned with 
each other in a desired position. 

[0093] Thereafter, in a status where the plate and the 
substrate are aligned with each other, an exposure con- 
troller (not shown) emits exposure light from the light 
source, thereby the plate pattern is exposure-trans- 
ferred onto the substrate. Note that the exposure light 
is EUV light having a wavelength of about 10 to 15 nm. 
[0094] By this method, position detection for align- 
ment and exposure are performed in parallel, and the 
limitation on the alignment detection optical system and 
projection optical system can be omitted in many cases. 
Thus, various alignment detection optical systems can 
be constructed, and high throughput with stable detec- 
tion rate and high precision can be realized for various 
wafer processes. 

[0095] Further, as the on-axis TTL alignment optical 
system is employed as the detection optical system for 
detection of the relative position of the reticle stage ref- 
erence mark 3 to the chuck mark 8 in the exposure ap- 
paratus, there is no baseline, and the factor of degrada- 
tion of detection precision can be eliminated. 

(Embodiment of Semiconductor Production System) 

[0096] Next, an example of semiconductor device 
(semiconductor chip of IC, LSI orthe like, a liquid crystal 
panel, a CCD, a thin film magnetic head, a microma- 
chine etc.) production system using the apparatus of the 
present invention will be described. The system per- 
forms maintenance services such as trouble shooting, 
periodical maintenance or software delivery for fabrica- 
tion apparatuses installed in a semiconductor manufac- 
turing factory, by utilizing a computer network outside 
the fabrication factory. 

[0097] Fig. 7 shows the entire system cut out from an 
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angle. In the figure, numeral 101 denotes the office of a 
vendor (apparatus maker) of semiconductor device fab- 
rication apparatuses. As the semiconductor fabrication 
apparatuses, apparatuses in the semiconductor fabri- 
cation factory for various processes such as preprocess 
apparatuses (lithography apparatuses including an ex- 
posure apparatus, a resist processing apparatus and an 
etching apparatus, a heat processing apparatus, a film 
forming apparatus, a smoothing apparatus and the like) 
and postprocess apparatuses (an assembly apparatus, 
an inspection apparatus and the like) are used. The of- 
fice 1 01 has a host management system 1 08 to provide 
a maintenance database for the fabrication apparatus, 
plural operation terminal computers 1 1 0, and a local ar- 
ea network (LAN) 109 connecting them to construct an 
Intranet or the like. The host management system 108 
has a gateway for connection between the LAN 1 09 and 
the Internet 105 as an external network and a security 
function to limit access from the outside. 
[0098] On the other hand, numerals 102 to 104 de- 
note fabrication factories of semiconductor makers as 
users of the fabrication apparatuses. The fabrication 
factories 102 to 104 may belong to different makers or 
may belong to the same maker (e.g., preprocess facto- 
ries and postprocess factories). The respective factories 
102 to 104 are provided with plural fabrication appara- 
tuses 106, a local area network (LAN) 111 connecting 
the apparatuses to construct an Intranet or the like, and 
a host management system 107 as a monitoring appa- 
ratus to monitor operating statuses of the respective fab- 
rication apparatuses 106. The host management sys- 
tem 1 07 provided in the respective factories 1 02 to 1 04 
has a gateway for connection between the LAN 111 and 
the Internet 105 as the external network. In this arrange- 
ment, the host management system 1 08 on the vendor 
side can be accessed from the LAN 1 1 1 in the respective 
factories via the Internet 105, and only limited user(s) 
can access the system by the security function of the 
host management system 108. More particularly, status 
information indicating the operating statuses of the re- 
spective fabrication apparatuses 106 (e.g. problem of 
fabrication apparatus having trouble) is notified from the 
factory side to the vendor side via the Internet 1 05, and 
maintenance information such as response information 
to the notification (e.g. information indicating measure 
against the trouble, or remedy software or data), latest 
software, help information and the like is received from 
the vendor side via the Internet. The data communica- 
tion between the respective factories 1 02 to 1 04 and the 
vendor 101 and data communication in the LAN 111 of 
the respective factories are performed by using a gen- 
eral communication protocol (TCP/IP). Note that as the 
external network, a private-line network (ISDN or the 
like) with high security against access from outsiders 
may be used in place of the Internet. 
[0099] Further, the host management system is not 
limited to that provided by the vendor, but a database 
constructed by the user may be provided on the external 



network, to provide the plural user factories with access 
to the database. 

[01 00] Fig. 8 is a conceptual diagram showing the en- 
tire system of the present embodiment cut out from an- 

5 other angle different from that in Fig. 7. In the above ex- 
ample, the plural user factories respectively having fab- 
rication apparatuses and the management system of 
the apparatus vendor are connected via the external 
network, and data communication is performed for pro- 

10 duction management for the respective factories and 
transmission of information on at least one fabrication 
apparatus. In this example, a factory having fabrication 
apparatuses of plural vendors is connected with man- 
agement systems of the respective vendors of the fab- 

15 ncation apparatuses via the external network, and data 
communication is performed for transmission of main- 
tenance information for the respective fabrication appa- 
ratuses. In the figure, numeral 201 denotes a fabrication 
factory of fabrication apparatus user (semiconductor de- 

20 vice maker). In the factory fabrication line, fabrication 
apparatuses for various processes, an exposure appa- 
ratus 202, a resist processing apparatus 203 and a film 
forming apparatus 204, are used. Note that Fig. 8 shows 
only the fabrication factory 201 , however, actually plural 

25 factories construct the network. The respective appara- 
tuses of the factory are connected with each other by a 
LAN 206 to construct an Intranet, and a host manage- 
ment system 205 performs operation management of 
the fabrication line. 

30 [0101] On the other hand, the respective offices of 
vendors (apparatus makers), an exposure apparatus 
maker 21 0, a resist processing apparatus maker 220, a 
film forming apparatus maker 230 have host manage- 
ment systems 211 , 221 and 231 for remote maintenance 

35 for the apparatuses, and as described above, the sys- 
tems have the maintenance database and the gateway 
for connection to the external network. The host man- 
agement system 205 for management of the respective 
apparatuses in the user fabrication factory is connected 

40 with the respective vendor management systems 211 , 
221 and 231 via the Internet or private-line network as 
an external network 200. In this system, if one of the 
fabrication apparatuses of the fabrication line has a trou- 
ble, the operation of the fabrication line is stopped. How- 

45 ever, the trouble can be quickly removed by receiving 
the remote maintenance service from the vendor of the 
apparatus via the Internet 200, thus the stoppage of the 
fabrication line can be minimized. 
[0102] The respective fabrication apparatuses in- 

50 stalled in the semiconductor fabrication factory have a 
display, a network interface and a computer to execute 
network access software stored in a memory and device 
operation software. As a memory, an internal memory, 
a hard disk or a network file server may be used. The 

55 network access software, including a specialized or 
general web browser, provides a user interface screen 
image as shown in Fig. 9 on the display. An operator 
who manages the fabrication apparatuses in the factory 
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checks the screen image and inputs information of the 
fabrication apparatus, a model 401 , a serial number 
402 ? a trouble case name 403 f a date of occurrence of 
trouble 404, an emergency level 405, a problem 406, a 
remedy 407 and a progress 408, into input fields on the 
screen image. The input information is transmitted to the 
maintenance database via the Internet, and appropriate 
maintenance information as a result is returned from the 
maihtenance database and provided on the display. 
Further, the user interface provided by the web browser 
realizes hyper link functions 41 0 to 41 2 as shown in the 
figure, and the operator accesses more detailed infor- 
mation of the respective items, downloads latest version 
software to be used in the fabrication apparatus from a 
software library presented by the vendor, and down- 
loads operation guidance (help information) for the op- 
erator's reference. The maintenance information provid- 
ed from the maintenance database includes the infor- 
mation on the above-described present invention, and 
the software library provides latest version software to 
realize the present invention. 

[01 03] Next, a semiconductor device fabrication proc- 
ess utilizing the above-described production system will 
be described. Fig. 10 shows a flow of the entire semi- 
conductor fabrication process. At step 1 (circuit design- 
ing), a circuit designing of the semiconductor device is 
performed. At step 2 (mask fabrication), a mask where 
the designed circuit pattern is formed is fabricated. On 
the other hand, at step 3 (wafer fabrication), a wafer is 
fabricated using silicon or the like. At step 4 (wafer proc- 
ess) called preprocess, the above mask and wafer are 
used. An actual circuit is formed on the wafer by lithog- 
raphy. At step 5 (assembly) called postprocess, a sem- 
iconductor chip is formed by using the wafer at step 4. 
The postprocess includes processing such as an as- 
sembly process (dicing and bonding) and a packaging 
process (chip sealing). At step 6 (inspection), inspec- 
tions such as an operation test and a durability test are 
performed on the semiconductor device assembled at 
step 5. The semiconductor device is completed through 
these processes, and it is shipped (step 7). The preproc- 
ess and the postprocess are independently performed 
in specialized factories, and maintenance is made for 
these factories by the above-described remote mainte- 
nance system. Further, data communication is per- 
formed for production management and/or apparatus 
maintenance between the preprocess factory and the 
postprocess factory via the Internet or private-line net- 
work. 

[01 04] Fig. 1 1 shows a more detailed flow of the wafer 
process. At step 11 (oxidation), the surface of the wafer 
is oxidized. At step 1 2 (CVD), an insulating film is formed 
on the surface of the wafer. At step 13 (electrode forma- 
tion), electrodes are formed by vapor deposition on the 
wafer. At step 14 (ion implantation), ions are injected 
into the wafer. At step 15 (resist processing), the wafer 
is coated with photoresist. At step 16 (exposure), the 
above-described exposure apparatus exposure-trans- 



fers the circuit pattern of the mask onto the wafer. At 
step 1 7 (development), the exposed wafer is developed. 
At step 1 8 (etching), portions other than the resist image 
are etched. At step 19 (resist stripping), the resist un- 

5 necessary after the etching is removed. These steps are 
repeated, thereby multiple circuit patterns are formed on 
the wafer. As maintenance is performed on the fabrica- 
tion apparatuses used in the respective steps by the 
above-described remote maintenance system, trouble 

10 is prevented, and even if it occurs, quick recovery can 
be made. In comparison with the conventional art, the 
productivity of the semiconductor device can be im- 
proved. 

[0105] As described above, according to the present 
'5 embodiment, in an EUV exposure apparatus, for exam- 
ple, relative alignment between a plate and a substrate 
can be performed by using a plate stage reference mark 
in which high reflectivity can be comparatively easily set 
with respect to alignment illumination light and which 
provides positional reference of the plate stage and a 
chuck mark on a chuck as alignment marks. Thus align- 
ment illumination light with high S/N ratio can be ob- 
tained. Especially, in a case where the present invention 
is applied to the TTL method, as on-axis TTL detection 
method is used in the off-axis detection, there is no so- 
called baseline. Accordingly, high precision alignment 
can be performed between a reticle or the like and a 
wafer or the like without expensive part. 

[Other Embodiment] 

[0106] The present invention includes a case where 
the object of the present invention can be also achieved 
by providing software program for performing the func- 
tions of the above-described embodiments to a system 
or an apparatus from a remote position, and reading and 
executing the program code with a computer of the sys- 
tem or apparatus. In such case, the form of the software 
is not necessary a program as long as it has a function 
of program. 

[0107] Accordingly, to realize the functional process- 
ing of the present invention by the computer, the pro- 
gram code itself installed in the computer realizes the 
present invention. That is, the claims of the present in- 
vention include a computer program itself to realize the 
functional processing of the present invention. 
[0108] In such case, other form of program such as a 
program executed by object code, interpreter and the 
like, or script data to be supplied to an OS (Operating 
System), as long as it has the function of program. 
[0109] As a storage medium for providing the pro- 
gram, a floppy disk, a hard disk, an optical disk, a mag- 
netooptical disk, an MO, a CD-ROM, a CD-R : a CD-RW, 
a magnetic tape, a non-volatile type memory card, a 
ROM, a DVD (a DVD-ROM and a DVD-R) or the like 
can be used. 

[0110] Further, the program may be provided by ac- 
cessing a home page on the Internet by using a browser 
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of a client computer, and downloading the computer pro- 
gram itself of the present invention or a compressed file 
having an automatic installation function from the home 
page to a storage medium such as a hard disk. Further, 
the present invention can be realized by dividing pro- 
gram code constructing the program of the present in- 
vention into plural files, and downloading the respective 
files from different home pages. That is, the claims of 
the present invention also include a WWW server hold- 
ing the program file to realize the functional processing 
of the present invention to be downloaded to plural us- 
ers. 

[0111] Further, the functional processing of the 
present invention can be realized by encrypting the pro- 
gram of the present invention and storing the encrypted 
program into a storage medium such as a CD-ROM, de- 
livering the storage medium to users, permitting a user 
who satisfied a predetermined condition to download 
key information for decryption from the home page via 
the Internet, and the user's executing the program by 
using the key information and installing the program into 
the computer. 

[0112] Furthermore, besides the functions according 
to the above embodiments are realized by executing the 
read program by a computer, the present invention in- 
cludes a case where an OS or the like working on the 
computer performs a part or entire actual processing in 
accordance with designations of the program code and 
realizes functions according to the above embodiments. 
[0113] Furthermore, the present invention also in- 
cludes a case where, after the program code read from 
the storage medium is written in a function expansion 
board which is inserted into the computer or in a memory 
provided in a function expansion unit which is connected 
to the computer, CPU or the like contained in the func- 
tion expansion board or unit performs a part or entire 
process in accordance with designations of the program 
code and realizes functions of the above embodiments. 
[0114] The illustrated embodiment permits a TTL (i.e. 
through the reflective optical system used for exposure) 
alignment operation to be carried out using light within 
5nm, preferably within 1nm, more preferably within 
0.5nm of the wavelength of the exposure light. This en- 
ables high-precision alignment, because the aberration 
of the optical system can be reduced. This alignment 
light wavelength close to the exposure light wavelength 
gives a high reflection rate. It is possible because the 
TTL alignment operation uses marks on means which 
holds the wafer and on means which holds the reticle. 
[0115] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. 



Claims 

1 . A position detection method for detecting positions 



of a reflective type plate and a substrate upon ex- 
posure-transfer of pattern on said plate onto said 
substrate by emitting non-exposure light to said 
plate and said substrate and receiving reflected 
5 light from said plate and said substrate, character- 
ized by comprising the steps of: 

a first position detection step of detecting a 
plate holding unit mark, being provided on a 

10 plate holding unit movable while holding said 

plate and having a predetermined reflection 
characteristic to said non-exposure light, and a 
substrate holding unit mark, being provided on 
a substrate holding unit movable while holding 

15 said substrate and having a predetermined re- 

flection characteristic to said non-exposure 
light; and 

a relative position detection step of detecting a 
relative position of said plate to said substrate 
20 from relative position of said plate holding unit 

mark to said substrate holding unit mark. 

2. The position detection method according to claim 
1 , characterized in that a plate alignment mark is 
25 provided on said plate, and wherein said method 
further comprises a second position detection step 
of detecting a relative position of said plate holding 
unit mark to said plate alignment mark. 

30 3. The position detection method according to claim 1 
or 2, characterized in that a substrate alignment 
mark is provided on said substrate, and wherein 
said method further comprises a third position de- 
tection step of detecting a relative position of said 

35 substrate holding unit mark to said substrate align- 
ment mark. 

4. The position detection method according to any one 
of claims 1 to 3, characterized in that at said first 

40 position detection step, said substrate holding unit 
mark is detected on-axis in the same position as an 
exposure position, and at said relative position de- 
tection step : relative alignment is made between 
said plate and said substrate by using positional in- 

45 formation of said substrate holding unit mark. 

5. The position detection method according to any one 
of claims 1 to 4, characterized in that said non- 
exposure light is extreme ultra violet light having a 

50 wavelength of 10 to 15 nm, and wherein said pre- 
determined reflection characteristic is a reflectivity 
to said non-exposure light set to 95% or higher. 

6. The position detection method according to any one 
55 of claims 1 to 5, characterized in that said reflec- 
tive type plate has a reflection portion of multilayer 
structure. 
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7. The position detection method according to any one 
of claims 1 to 6, characterized in that said sub- 
strate holding unit has a substrate chuck holding 
said substrate, and wherein said substrate holding 
unit mark is provided on said substrate chuck. 

8. The position detection method according to any one 
of claims 1 to 7, characterized in that at said first 
position detection step, said plate holding unit mark 
and said substrate holding unit mark are detected 
upon each exposure. 

9. A position detection apparatus for detecting posi- 
tions of reflective type plate and a substrate upon 
exposure-transfer of pattern on said plate onto said 
substrate by emitting non-exposure light to said 
plate and said substrate and receiving reflected 
light from said plate and said substrate, character- 
ized by comprising: 

a first position detection unit that detects a plate 
holding unit mark, being provided on a plate 
holding unit movable while holding said plate 
and having a predetermined reflection charac- 
teristic to said non-exposure light, and a sub- 
strate holding unit mark, being provided on a 
substrate holding unit movable while holding 
said substrate and having a predetermined re- 
flection characteristic to said non-exposure 
light; and 

a relative position detection unit that detects a 
relative position of said plate to said substrate 
from relative position of said plate holding unit 
mark to said substrate holding unit mark. 

10. The position detection apparatus according to claim 
9, characterized in that a plate alignment mark is 
provided on said plate, and wherein said apparatus 
further comprises a second position detection unit 
that detects a relative position of said plate holding 
unit mark to said plate alignment mark. 

1 1 . The position detection apparatus according to claim 
9 or 10, characterized in that a substrate align- 
ment mark is provided on said substrate, and 
wherein said apparatus further comprises a third 
position detection unit that detects a relative posi- 
tion of said substrate holding unit mark to said sub- 
strate alignment mark. 

12. The position detection apparatus according to any 
one of claims 9 to 11 , characterized in that said 
first position detection units detects said substrate 
holding unit mark on-axis in the same position as 
an exposure position, and said relative position de- 
tection unit performs relative alignment between 
said plate and said substrate by using positional in- 
formation of said substrate holding unit mark. 



13. The position detection apparatus according to any 
one of claims 9 to 12, characterized in that said 
non-exposure light is extreme ultra violet light hav- 
ing a wavelength of 10 to 15 nm, and wherein said 
predetermined reflection characteristic is reflectivity 
to said non-exposure light set to 95% or higher. 

14. The position detection apparatus according to any 
one of claims 9 to 13, characterized in that said 
reflective type plate has a reflection portion of mul- 
tilayer structure. 

15. The position detection apparatus according to any 
one of claims 9 to 14, characterized in that said 
substrate holding unit has a substrate chuck holding 
said substrate, and wherein said substrate holding 
unit mark is provided on said substrate chuck. 

16. The position detection apparatus according to any 
one of claims 9 to 15, characterized in that said 
first position detection unit detects said plate hold- 
ing unit mark and said substrate holding unit mark 
upon each exposure. 

17. An exposure method for performing alignment be- 
tween a plate and a substrate based on the relative 
position of said plate to said substrate detected by 
the position detection method according to any one 
of claims 1 to 8, and exposure-transferring a pattern 
on said plate onto said substrate. 

18. An exposure apparatus characterized by compris- 
ing: 

the position detection apparatus according to 
any one of claims 9 to 1 6; 
a moving control unit that performs alignment 
between said plate and said substrate by move- 
controlling said plate holding unit and said sub- 
strate holding unit based on a relative position 
of said plate to said substrate detected by said 
position detection apparatus; and 
an exposure control unit that exposure-trans- 
fers the pattern on said plate onto said sub- 
strate in a status where said plate and said sub- 
strate are aligned with each other. 

19. A semiconductor device fabrication method char- 
acterized by comprising: 

a step of installing a fabrication apparatus 
group for various processes including the ex- 
posure apparatus according to claim 18 in a 
semiconductor fabrication factory; and 
a step of fabricating a semiconductor device by 
plural processes by using said fabrication ap- 
paratus group. 
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20. The semiconductor device fabrication method ac- 
cording to claim 1 9 further comprising: 

a step of connecting said fabrication apparatus 
group by a local area network; and 
a step of performing data communication for 
transmission of information on at least one ap- 
paratus of said fabrication apparatus group be- 
tween said local area network and an external 
network outside said semiconductor fabrication 
factory. 

21. The semiconductor device fabrication method ac- 
cording to claim 20, characterized in that mainte- 
nance information for said fabrication apparatus is 
obtained by accessing a database provided by a 
vendor or a user of said exposure apparatus via 
said external network, or production management 
is performed by data communication with other 
semiconductor fabrication factory than said semi- 
conductor fabrication factory via said external net- 
work. 

22. A semiconductor fabrication factory having: 

a fabrication apparatus group including the ex- 
posure apparatus according to claim 18; 
a local area network connected to said fabrica- 
tion apparatus group; and 
a gateway that enables access from said local 
area network to an external network outside 
said a factory, 

characterized in that data communication is 
performed for transmission of information on at 
least one apparatus of said fabrication apparatus 
group. 

23. An exposure apparatus maintenance method for 
maintenance of the exposure apparatus according 
to claim 18 installed in a semiconductor fabrication 
factory, comprising: 

a step of providing a maintenance database 

connected to an external network outside the 

semiconductor fabrication factory by a vendor 

or user of said exposure apparatus; 

a step of permitting access to said maintenance 

database from said semiconductor fabrication 

factory via said external network; and 

a step of transmitting maintenance information 

stored in said maintenance database to the 

side of said semiconductor fabrication factory 

via said external network. 

24. The exposure apparatus according to claim 1 8, fur- 
ther comprising a display, a network interface and 
a computer that executes network software, where- 



in maintenance information for said exposure appa- 
ratus is transmitted via a computer network. 

25. The exposure apparatus according to claim 24, 
5 characterized in that said network software pro- 
vides a user interface on said display to access a 
maintenance database, provided by a vendor or us- 
er of said exposure apparatus, connected to an ex- 
ternal network outside the factory having said ex- 

io posure apparatus, and obtains information from 
said database via said external network. 

26. Exposure apparatus for exposing a substrate (10) 
with a pattern provided in a reflective manner on a 
pattern carrier (5), the apparatus comprising: 

a source of exposure light for illuminating the 
pattern on the pattern carrier; 
a reflective optical system (7) for transmitting 
exposure light from the pattern carrier to the 
substrate, to form an image of the pattern on 
the substrate; 

a carrier holder (4) for holding the pattern car- 
rier (5); and 

a substrate holder (1 1 ) for holding the substrate 
(10), 

characterised by: 

first alignment means (1 ,2) for detecting the rel- 
ative alignment between the carrier holder (4) 
and the substrate holder (1 1 ) by exposing them 
to alignment light and reflecting the alignment 
light from one of them to the other through the 
said reflective optical system; 
second alignment means (30,31 ,40,41 ) for de- 
tecting the relative alignment between the pat- 
tern carrier (5) and the carrier holder (4) and 
the relative alignment between the substrate 
(10) and the substrate holder (11); and 
determining means for determining the align- 
ment between the pattern carrier (5) and the 
substrate (10) from the outputs of the first and 
second alignment means. 

27. Apparatus according to claim 26 in which the first 
alignment means (1 ,2) is arranged to detect the rel- 
ative alignment between the carrier holder (4) and 
the substrate holder (11) when the carrier holder (4) 
and the substrate holder (11) are in respective ex- 
posure positions for exposing a substrate held on 
the substrate holder (11 ) with a pattern carried by a 
pattern carrier held on the carrier holder (4) using 
exposure light from the said source and transmitted 
through the said reflective optical system (7). 

28. Apparatus according to claim 27 in which the sec- 
ond alignment means comprises means to move at 
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least one of the said holders (4,11) between its re- 
spective exposure position and a respective align- 
ment location and means to detect the relative 
alignment between the said at least one holder and 
the pattern carrier or substrate held by it while it is 5 
at its alignment location. 
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